Uncertainty regarding the target location is an influential factor for spatial attention. Modulation in spatial uncertainty can lead to adjustments in attention scope and variations in attention effects. Hence, investigating spatial uncertainty modulation is important for understanding the underlying mechanism of spatial attention. However, the temporal dynamics of this modulation remains unclear. To evaluate the time course of spatial uncertainty modulation, we adopted a Posner-like attention orienting paradigm with central or peripheral cues. Different numbers of cues were used to indicate the potential locations of the target and thereby manipulate the spatial uncertainty level. The time interval between the onsets of the cue and the target (stimulus onset asynchrony, SOA) varied from 50 to 2000 ms. We found that under central cueing, the effect of spatial uncertainty modulation could be detected from 200 to 2000 ms after the presence of the cues. Under peripheral cueing, the effect of spatial uncertainty modulation was observed from 50 to 2000 ms after cueing. Our results demonstrate that spatial uncertainty modulation produces robust and sustained effects on target detection speed. The time course of this modulation is influenced by the cueing method, which suggests that discrepant processing procedures are involved under different cueing conditions.
Introduction
Spatial attention is an essential brain function that enables us to select and preferentially process visual information from behaviorally relevant locations in the visual field and has been extensively researched (Carrasco, 2011) . One crucial characteristic of spatial attention is its spatial extent, termed the attention field. According to the zoom-lens model of attention proposed by Eriksen and James (Eriksen & St James, 1986) , the scope of attention can vary in size, which implies that the processing efficiency within the attention field becomes higher with the shrinkage of the attention field. A neuroimaging study supports the zoom-lens model by showing that the activated regions in visual cortex increased, whereas the level of neural activity in those regions decreased, with the increment of the attention field size (Müller, Bartelt, Donner, Villringer, & Brandt, 2003) . The flexibility of attention field size has a large impact on the contrast perception of a visual stimulus. The recent normalization model of attention and a series of studies have shown that varying the scope of spatial attention changes patterns of neuronal responses and performance gains (Herrmann, Montaser-Kouhsari, Carrasco, & Heeger, 2010; Itthipuripat, Garcia, Rungratsameetaweemana, Sprague, & Serences, 2014; Reynolds & Heeger, 2009 ). In the condition of a large stimulus and a small attention field, spatial attention enhances responses by a multiplicative response gain. Conversely, in the condition of a small stimulus and a large attention field, the contrast-response shifts leftward (contrast gain) by attentional modulation. This change in gain patterns caused by a variation of attention field size can account for those inconsistent results about the visuospatial attention modulations because the attention field size was not controlled in previous experimental protocols (Reynolds & Heeger, 2009) . Therefore, it is crucial to manipulate the attention field size in experiments of spatial attention.
To manipulate attention field size, some studies used a cue to orient the attention focus and changed its size, based on the straightforward idea that as the cue size changes the attentional scope changes accordingly (Castiello & Umiltà, 1990 , 1992 Maringelli & Umiltà, 1998; Turatto et al., 2000) . They found the reaction time (RT) became longer to detect the target whose possible location was indicated by a cue with large size. The time course of this cue size effect was also investigated (Benso, Turatto, Mascetti, & Umiltà, 1998) . The results showed that the cue size effect can last for 60-500 ms after the presentation of the cue. Other studies varied the spatial uncertainty level of the target to http://dx.doi.org/10.1016/j.visres.2017.06.008 0042-6989/Ó 2017 Elsevier Ltd. All rights reserved. manipulate the spatial extent of attention. Eriksen and James' early psychophysical study (Eriksen & St James, 1986 ) and a later neuroimaging study (Müller et al., 2003) manipulated the scope of spatial attention by using different number of cues to indicate the possible positions of the target. Their results showed that the processing efficiency within the attended region reduced when the number of cues was increased, which signifies that the size of the attention focus could be manipulated by changing the spatial uncertainty level of the target. Recently, another neuroimaging experiment (Herrmann et al., 2010) showed that the attention field size, indexed by the extent of the spatial distribution of cortical response differences, was smaller when stimuli were presented without spatial uncertainty than with it. Moreover, our recent study simultaneously changed the cue size and the spatial uncertainty of the target within one protocol (Huang, Xue, Wang, & Chen, 2016) . In this way, we systematically and directly compared the effectiveness of the two methods for attention field size manipulation. Our results indicate that to manipulate attention field size, varying cue size is less effective than adjusting spatial uncertainty.
Although it is accepted that spatial uncertainty modulation can lead to a change in the attention field size and subsequently affect relevant behavior, the temporal dynamics of this modulation have not been well-established. Previous studies only varied spatial uncertainty level to manipulate the attention field size and investigated the modulation effect at a given time during the trial. In contrast, the time course of modulation of attention field size evoked by varying cue size has been systematically investigated in the aforementioned work by Benso et al. by changing the stimulus onset asynchrony (SOA) between the cue and the target. Moreover, the findings in the literature showing the effect of spatial uncertainty modulation at a given time after cue onset suggest that the temporal dynamics of spatial uncertainty modulation is dissimilar to the time course of the cue size effect. This implies that varying spatial uncertainty and changing cue size may evoke discrepant mechanisms of attention control of its spatial scope. Herrmann et al.'s neuroimaging work (Herrmann et al., 2010) revealed the effect of spatial uncertainty modulation on cortical response at the 1500 ms SOA. By contrast, Benso et al.'s work demonstrated that the cue size effect diminished when the SOAs were longer than 500 ms. Thus, evaluating the time course of spatial uncertainty modulation is a critical and valuable way to gain a more complete understanding of the mechanism of attention field size control. In addition, previous research has shown that spatial uncertainty modulation can be elicited by peripheral cueing (Eriksen & St James, 1986) and central cueing (Müller et al., 2003) . Because it has been shown that the time course of attention-related modulation is influenced by cueing methods (Cheal & Lyon, 1991; Doallo et al., 2004) , comparing the time course of spatial uncertainty modulation under central and peripheral cueing is also needed.
The aim of the present study is to assess the time course of spatial uncertainty modulation under differing cueing conditions. We adopted a Posner-like cueing paradigm (Posner, 1980 ) using central or peripheral spatial cues. The spatial uncertainty level was manipulated by varying the number of cues that indicated the potential positions of the target. To observe the time course, the SOA between the cue and the target was varied from 50 to 2000 ms.
Experiments

General methods
Apparatus
The visual stimuli were presented on a 24-inch LCD monitor (BenQ XL2411 T, Taipei, Taiwan, 100 Hz refresh rate, 1920 Â 1080 pixels) placed 57 cm in front of the subject. The screen had a mean luminance of 15.5 cd/m 2 . A chin rest was used to hold the head of the subject, and an infrared imaging-based eye tracker (Tobii X60; Tobii Technology AB, Stockholm, Sweden) was adopted to monitor the eye position of the subject. We presented the stimulus presentation and collected the manual response data using Psychtoolbox (Brainard, 1997; Pelli, 1997) in MATLAB (MathWorks). All analysis were performed with OriginPro software (OriginLab Corporation) and Statistical Package for Social Sciences (SPSS, Inc.).
Observers
Eight adults (aged 19-30) participated in Experiment 1. One observer was an author (HL), and the remaining seven participants were not aware of the purpose of the experiment. Another group of eight observers (aged 19-30) participated in Experiment 2, except one of them (HL) was an author and had participated in Experiment 1. All subjects had normal or corrected-to-normal vision and provided informed consent. All experimental procedures were performed in accordance with the guidelines of the Declaration of Helsinki and the ethical policies of Shanghai Jiao Tong University.
Procedure
Observers were required to fixate on a black cross (0.3°Â 0.3°; Fig. 1 ). The cross was located at the center of the screen and kept presented throughout the experiment. In each trial, we first presented eight thin white rings (2.5°in diameter, 17.5 cd/m 2 ) that were evenly placed around the cross with 10°eccentricity. After 400 ms of fixation, different numbers of adjacent rings were centrally or peripherally cued to induce diverse levels of spatial uncertainty (one, two, four and eight rings corresponding to small, medium, large and neutral). Central cueing was achieved by using lines that pointed to the potential spatial locations of the target. The rings in which the upcoming target would be potentially presented changed to red as the peripheral cue. Note that in Fig. 1 , for illustration, only the procedure of central cueing is shown. After a variable time delay, there was an 80% chance for a black dot (0.4 in diameter, 11.5 cd/m 2 ) appearing at the center of a cued ring. The SOA between the cue and the target was randomly selected from seven predefined values (50, 100, 200, 400, 800, 1600 and 2000 ms). The dot appeared for 50 ms. We instructed the observers to press the ''5" key as soon as possible once they detected the target. During the 20% of the trials that were catch trials, in which no target stimulus appeared, observers should not have responded. We recorded the interval between the target onset and the response as reaction time (RT) for the following analysis. When a response was made or the rings vanished, the trial ended. After a randomized inter-trial interval (ITI) between 1000 and 1500 ms, the next trial started.
Eight blocks were completed by each subject. The subject was instructed to correctly complete 280 trials within each block, including four spatial uncertainty levels, in a random order. The eye movement of the observers should be held within a 3°Â 3°fix-ation window when they performed the task. We repeated those incorrect trials at the end of each block, including that had false alarms, fixation breaks, or reaction times shorter than 100 ms or longer than 600 ms.
Data analysis
The mean RT across all eight observers for each combination of spatial uncertainty level and SOA was computed to determine the time course of detection speed under different spatial uncertainty levels. The mean RT data across the subjects were fitted with an exponential function:
where t is time since the cue onset (t = 0). A is the amplitude. RT 0 is the asymptote (minimal RT). Decay time, s, specifies the time taken for the decay of RT to reach approximately 63% of the amplitude since cue onset. For each spatial uncertainty level, we estimated three key parameters: asymptotic reaction time (RT 0 ), amplitude (A) and decay time (s). The attention modulation index (AMI) has been widely used in electrophysiological and neuroimaging studies to quantify attention modulation (Buffalo, Fries, Landman, Liang, & Desimone, 2010; Chen et al., 2008; Kastner, Pinsk, De Weerd, Desimone, & Ungerleider, 1999; Roelfsema, Lamme, & Spekreijse, 1998) . We calculated the AMI to assess the effect of attention mediating. For a given spatial uncertainty level, its AMI was the mean RT difference between trials with neutral cueing and trials with corresponding cueing, divided by the sum, as follows:
The standard errors of mean (SEMs) were adjusted by the normalization method proposed by Cousineau and Morey to remove the variability caused by differences among the subjects (Baguley, 2013; Cousineau, 2005; Franz & Loftus, 2012; Morey, 2008) . Specifically, the mean of each participant was subtracted from their raw scores to remove individual differences. Then the grand mean was added back to every score to restore the original means for each condition. Consequently, the traditional SEM formula was used on the normalized scores. At last, a correct factor of ffiffiffiffiffi ffi
(J is the number of factor levels, 28 in our case) was multiplied to gain the adjusted SEMs.
Statistics
A non-parametric randomization procedure (Grubb, White, Heeger, & Carrasco, 2015; Yuval-Greenberg, Merriam, & Heeger, 2014) was used to determine whether the three key parameters (RT 0 , A, s) of the two fitting lines, representing two discrepant spatial uncertainty levels, were significantly different. For example, to evaluate the statistical reliability of the difference in the asymptotic reaction times of small and large spatial uncertainties, we randomly shuffled the labels of these two spatial uncertainty level conditions, separately for each SOA, and separately for each observer. The mean RTs for each participant were recomputed at each SOA for each of the two spatial uncertainty levels. The time course data averaged across observers were re-fit, yielding new parameter estimates. The difference in RT 0 between two conditions using the shuffled data was calculated. This procedure was repeated 500 times, generating a null distribution for the average difference across subjects for RT 0 . The average difference in RT 0 was then compared with the null distribution. The P-value reported is the proportion of null distribution values greater than or equal to the actual mean change in RT 0 . We adopted absolute values in the computation to create a two-tailed test. The remaining comparisons for other parameters were computed in the same manner.
Experiment 1 2.4.1. Specific settings
During the cue period, one, two, four or eight black lines (0.8°in length), pointing at different numbers of adjacent rings, were presented at the center as a visual cue ( Fig. 2A) to orient spatial attention and manipulate the spatial uncertainty level.
Results
There were less than 2% of trials with an error, and the false alarm rates in catch trials among the different conditions were either zero or near zero. Given that the performance accuracy was extremely high, which could result in insensitivity to spatial uncertainty modulation, we did not further analyze the accuracy data. Fig. 1 . Trial sequence. The presence of eight evenly distributed white rings around the fixation cross signaled the start of a trial. Then a cue period began in which cues appeared to instruct subjects the possible positions for the target. Numbers of cues indicated different levels of spatial uncertainty of the target (one represented small, two represented medium, four represented large, eight represented neutral). After a variable time delay, there was an 80% probability that a single dark dot would appear for 50 ms at the center of one of the cued rings. Observers should respond as quickly as possible (press a key) once they noticed the appearance of the target. ITI, inter-trial interval. (Baguley, 2013; Cousineau, 2005; Franz & Loftus, 2012; Morey, 2008) . The X-axis has a logarithmic scale of base 2.
The mean RTs of under different conditions were analyzed using a 4 (spatial uncertainty level) Â 7 (SOA) two-way analysis of variance (ANOVA) for repeated measures. Both main effects were significant [spatial uncertainty level: F 3,21 = 56.80, p < 0.001; SOA: F 6,42 = 7.29, p < 0.001]. As shown in Fig. 2B , for most SOAs, RTs decreased with the reduction of spatial uncertainty. The influence of SOA on detection speed resulted in reaction times that were discrepant at different SOAs. Post hoc Bonferroni comparisons (Table 1) showed that RTs at the 50 ms SOA were significantly longer than those at other SOAs. RTs at the 100 ms SOA were significantly or marginally significantly longer than those at other SOAs, except for the 50 ms SOA. However, the RTs at other SOAs were not significantly different. The interaction between the spatial uncertainty level and the SOA was also statistically significant (F 18,126 = 2.91, p < 0.001). As shown in Fig. 2B , the four fitting curves representing RTs under different spatial uncertainty levels as a function of the SOA were not parallel, which showed that the influence of the SOA on RT was dissimilar for different levels of spatial uncertainty. Paired comparisons with non-parametric randomization tests showed that spatial uncertainty levels had a large impact on asymptotic reaction time but had no influence on amplitude (Table 3 ). The influence of spatial uncertainty on decay time, s, was somewhat complicated. As seen in Table 2 and Fig. 2B , the decay time decreased with the increase of spatial uncertainty when the spatial uncertainty level was not neutral. However, this influence of spatial uncertainty on decay time was not great because pairwise comparisons with non-parametric randomization tests showed that only the difference in decay time between the curves representing the RTs under both small and large spatial uncertainty reached significance, with a P-value close to the 0.05 critical level. Taken together, it suggests that under central cueing, more time is needed to precisely orient spatial attention focus, because the smaller the spatial uncertainty, the more precise the attention orienting.
Additionally, AMIs were analyzed using a two-way analysis of variance (ANOVA) for repeated measures, using 3 spatial uncertainty levels (small, medium, large) and 7 SOAs as the two factors. The main effect of spatial uncertainty level was significant [F 2,14 = 30.66, p < 0.001], whereas there was no significant main effect of SOA [F 6,42 = 1.84, p = 0.115]. Additionally, the interaction between the factors was significant [F 12,84 = 3.53, p < 0.001]. We further compared the AMIs of different spatial uncertainty levels for each SOA by using a one-way analysis of variance (ANOVA) for repeated measures. The results were as follows: SOA 50 ms, p = 0.585; SOA 100 ms, p = 0.251; SOA 200 ms, p < 0.001; SOA 400 ms, p < 0.001; SOA 800 ms, p < 0.01; SOA 1600 ms, p < 0.01; SOA 2000 ms, p < 0.01.
The results demonstrate that under center cueing, spatial uncertainty modulation exerts its effect after approximately 200 ms. After that, the modulation effect can be sustained for the duration of the task. The values of Experiment 1 are unshadowed. The values of Experiment 2 are shadowed with gray. *p < 0.05. **p < 0.01. ***p < 0.001.
Table 2
Parameters of the exponential curves fitted to the data, the 68%-confidence intervals for the parameters (in the square brackets) and the adjusted R-square for each curve. 
Experiment 2
Research regarding spatial attention primarily uses two types of cues: symbolic central cues, such as the line cue used in Experiment 1, and peripheral cues. As shown by an event-related study, peripheral cueing and central cueing affect sensory processing at the cued location differently. The time course of the cue-induced attention modulation was not the same under different cueing conditions (Doallo et al., 2004) . Experiment 2 was conducted to investigate the time course of spatial uncertainty modulation under peripheral cueing.
Specific settings
There was no symbolic central line presented in Experiment 2, other than that, all settings were the same as those in Experiment 1. Different numbers of rings changed to red during the cue period (Fig. 3A) to orient spatial attention and manipulate the spatial uncertainty level. To reduce the impact of changing the color of the ring on target detection, the luminance of the rings in red and white were identical (17.5 cd/m 2 ).
Results
There were less than 2% of trials with an error, and the false alarm rates of catch trials among the conditions were either zero or near zero. Because of the extremely high accuracy of the observers, the accuracy data was not analyzed.
The mean RTs under different conditions were analyzed using a 4 (spatial uncertainty level) Â 7 (SOA) two-way analysis of variance (ANOVA) for repeated measures. The spatial uncertainty level had a significant influence on RTs (F 3,21 = 88.98, p < 0.001). As shown in Fig. 3B , RT was positively correlated with spatial uncertainty level. SOA also had a significant influence on RTs (F 6,42 = 6.61, p < 0.001). Post hoc Bonferroni comparisons (Table 1) showed that RTs at the 50 ms SOA were significantly longer than those at other SOAs. The RTs at other SOAs were not significantly different. Interestingly, there was no significant interaction between the spatial uncertainty level and the SOA [F 18,126 = 1.04, p = 0.419], which is contrary to the significant interaction found under central cueing. As seen in Fig. 3B , the four fitting curves representing RTs under different spatial uncertainty levels as a function of SOA were nearly parallel, which showed that the influence of SOA on RT was independent of the spatial uncertainty level. Paired comparisons with non-parametric randomization tests showed that the spatial uncertainty level had a large impact on asymptotic reaction time. However, the amplitude and decay time were independent of the spatial uncertainty level (Table 3) . The disappearance of an interaction effect under peripheral cueing might be ascribed to the fact that the onset of the peripheral cues automatically attracted spatial attention to the desired locations, which meant that attention orienting was passive and instant. The passiveness and instantaneity of the orienting procedure made it insensitive to other factors, such as the precision of orientation during the task.
Next, we analyzed the AMI data using a two-way analysis of variance (ANOVA) for repeated measures. The two factors were 3 spatial uncertainty levels (small, medium, large) and 7 SOAs. The main effect of spatial uncertainty level was significant [F 2,14 = 50.24, p < 0.001], but no significant main effect for SOA was found [F 6,42 = 0.27, p = 0.948]. Additionally, the interaction between the factors was not significant [F 12,84 = 1.42, p = 0.169]. However, we still compared the AMIs of different spatial uncertainty levels for each SOA using a one-way analysis of variance (ANOVA) for repeated measures. The results were as follows: SOA 50 ms, p < 0.01; SOA 100 ms, p < 0.001; SOA 200 ms, p = 0.183; SOA 400 ms, p < 0.01; SOA 800 ms, p < 0.001; SOA 1600 ms, p < 0.001; SOA 2000 ms, p < 0.01, which signifies that the impact of spatial uncertainty was observed at all SOAs, except for the 200 ms SOA.
It can be concluded from these results that under peripheral cueing, the spatial uncertainty modulation emerged at the appearance of the cue. Its effect could last for 2 s after cueing.
Comparison of the two experiments
To directly compare the performance between Experiments 1 and 2, a three-way ANOVA for repeated measures was used to analyze the RTs by including cueing methods (central cueing vs peripheral cueing), spatial uncertainty levels (small, medium, large, neutral) and 7 SOAs as factors. The main effects of SOA and the spatial uncertainty level were significant [SOA: F 6,42 = 13.56, p < 0.001; Spatial uncertainty level: F 3,21 = 134.51, p < 0.001], which was not surprising, given the results of each experiment. The main effect of cueing methods was marginally significant [F 1,7 = 4.13, p = 0.06], indicating that RT tended to be longer under peripheral cueing than under central cueing. This might be ascribed to the visual impact of the peripheral ring cues used in Experiment 2. A previous study has shown that the influence of a ring cue on future contrast perception alters when the brightness of the cue varies (Schneider, 2006) , which might be explained by paracontrast masking or a sensory interaction between the ring and the stimulus, instead of by attention modulation (Ling & Carrasco, 2007) . The two-way interaction effects of the three pairs were not significant [Cueing methods Â SOA: (Baguley, 2013; Cousineau, 2005; Franz & Loftus, 2012; Morey, 2008) . The X-axis has a logarithmic scale of base 2.
tainty level and the SOA was significant in Experiment 1 and nonsignificant in Experiment 2, the significance of the three-way interaction effect could be ascribed to the dependence of the two way interaction on cueing condition. The same analysis was also applied to the AMI data, except there were three spatial uncertainty levels (small, medium, large). Only the spatial uncertainty level had a significant influence [F 2,14 = 66.00, p < 0.001]. The three-way interaction effect was also significant [F 12,84 The fact that the cueing method had no effect on AMI suggested that the strengths of attention modulation under central cueing and peripheral cueing were not significantly different.
General discussion
In this study, the time course of spatial uncertainty modulation was investigated. We found that the time course of the modulation was influenced by the cueing method: (1) Under central cueing, the modulation took approximately 200 ms to exert its effect. However, once it had been established, its effects could last as long as was needed to complete the task. (2) Under peripheral cueing, shortly after the cue was presented (less than 50 ms), the effect of spatial uncertainty modulation emerged and was sustained until the end of the task. These results indicate the following: (1) Spatial uncertainty modulation is robust with sustained effects, and (2) Peripheral cueing and central cueing involve different processing mechanisms.
Adjusting spatial uncertainty and changing cue size have been used to manipulate the scope of the attention field. Previous studies have shown that precueing the target location by using a larger cue can lead to a slower detection of the target at the center of the cue compared to precueing using a smaller cue, an effect that could be explained by adjusting the attention field size in accordance with the cue size (Castiello & Umiltà, 1990 , 1992 , Maringelli & Umiltà, 1998 , Turatto et al., 2000 . This reported cue size effect is different from the spatial modulation effect in our study. In their protocols, although the cue presented on the screen varied in size, the target was always at the center of the cue. This manipulation can effectively diminish the uncertainty of the subject regarding the location of the target. In the experimental designs of some studies on cue size effect (Benso et al., 1998; Turatto et al., 2000) , there was a pre-cue that was located at the target location before the cue and the target were presented. The existence of the pre-cue gave the subject 100 percent accurate information about the location of the incoming target, which also eliminated the spatial uncertainty of the target. Hence, the cue size effect does not depend on spatial uncertainty modulation. However, the reported cue size effect is transient. According to the results of a previous study measuring the time course of cue size effect (Benso et al., 1998) , the cue size effect can only last for 60-500 ms after the onset of the cue. Based on our results, the effect of spatial uncertainty mediation is quite robust and can be sustained for as long as is required. All of these facts suggest that cue size effect and spatial uncertainty modulation may refer to discrepant mechanisms of attentional control of its scope. In addition, a direct comparison between the approaches used to operationalize the attention field was completed in our recent study (Huang et al., 2016) . A multiple cue paradigm was used with 2.5°and 7.5°rings centered around a target position to measure the cue size effect as the spatial uncertainty levels were manipulated by changing the number of cueing positions. We found that spatial uncertainty had a significant impact on reaction time during target detection but that the cue size effect was less robust, indicating that attentional control for its scope is more strongly influenced by the spatial uncertainty of the target than the cue size.
For understanding the mechanism of spatial attention in cueing paradigm, it is important to compare the effect of central and peripheral cueing. Some early psychophysical studies suggested that the mechanisms of spatial attention by peripherally and centrally precueing are different. Central cueing elicits endogenous (or sustained) attention, which takes approximately 300 ms to deploy. In addition, the attention triggered by peripheral cues is exogenous (or transient), which increases and declines quickly, with a peak at approximately 100-120 ms (Briand & Klein, 1987; Carrasco, 2011; Müller & Rabbitt, 1989) . Later studies found that in addition to cue type, cue informativeness is a crucial factor. A previous study showed that when the target position could be informed by the peripheral cue (80% validity), the facilitative effects of peripheral cueing on target detection lasts 300 ms or more (Wright & Richard, 2000) , thus supporting the conclusion that informativeperipheral cueing with long SOAs also elicits a voluntary orienting process. In our study, the central and peripheral cues were both informative regarding the location of the target. Hence, they both induced sustained attention with longer SOAs (300 ms or longer). Because a peripheral cue indicating the target position elicits both exogenous and endogenous attention, whereas an informative central cueing induces only endogenous attention, we propose that the nonexistence of spatial uncertainty modulation for short SOAs (shorter than 200 ms), under central cueing in our experiment, is due to a lack of exogenous attention under this condition. Our data are consistent with previous findings that have shown that subjects performed better at both 300 and 500 ms SOA but not at 150 ms SOA when the target location was indicated by a central cue (Liu, Stevens, & Carrasco, 2007) .
In conclusion, our results indicate that spatial uncertainty modulation can produce robust and sustained effects. The time dynamics of this modulation is influenced by cueing conditions, supporting the conclusion that different cueing methods evoke discrepant processing procedures.
